a b s t r a c t INTRODUCTION: Gastrointestinal stromal tumors are the most common mesenchymal tumors of the gastrointestinal tract; however, gastrointestinal leiomyomas are relatively rare. Surgical resection is recommended for leiomyomas and gastrointestinal stromal tumors of the colon. We present a case in which we performed laparoscopic right hemicolectomy with intraabdominal anastomosis for treating leiomyoma of the transverse colon in a patient with an abdominal mesh. PRESENTATION OF CASE: A 64-year-old woman with a history of right subtotal adrenalectomy and right mastectomy was incidentally found to have an abdominal mass on a follow-up computed tomography (CT) scan, which was confirmed as a gastrointestinal stromal tumor of the mesentery following abdominal contrast-enhanced CT. We planned surgical resection for preoperative diagnosis because the tumor was >5 cm in diameter. However, she had undergone transverse rectus abdominis myocutaneous (TRAM) flap reconstruction after right mastectomy, in which the TRAM flap was replaced with an abdominal mesh; hence, total laparoscopic surgery was performed to avoid damaging the mesh owing to the risk of mesh infection. Laparotomy revealed that the tumor originated from the transverse colon; thus, transverse colectomy with intraabdominal anastomosis was performed. The total operative time and blood loss were 3 h 32 min and 5 mL, respectively. No postoperative leakage or mesh infection was observed. The resected specimen revealed a leiomyoma without malignancy. DISCUSSION: We successfully performed colectomy that minimized the resection range and intraabdominal anastomosis. CONCLUSION: Total laparoscopic surgery was effective for colonic leiomyoma with an abdominal mesh to avoid mesh-related complications.
Introduction
Mesenchymal tumors of the gastrointestinal tract are mostly gastrointestinal stromal tumors (GISTs) [1] . However, leiomyomas of the colon are rare and account for 3% of all gastrointestinal leiomyomas [2] . Since large leiomyomas have malignant potential, surgical resection is recommended for treatment, as for GISTs [3] . Benign leiomyomas can be excised locally, and laparoscopic surgery for the treatment of gastric leiomyomas, rectal GISTs, and small bowel GISTs have been reported [4, 5] . Herein, we report the case of a patient with an abdominal mesh who underwent total laparoscopic colectomy for treatment of leiomyoma of the trans-Abbreviations: TRAM flap, transverse rectus abdominis myocutaneous flap; GIST, gastrointestinal stromal tumor; NOSE, natural orifice specimen extraction; SSI, surgical site infection.
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Presentation of case
A 64-year-old woman presented with a history of right subtotal adrenalectomy for treatment of primary hyperaldosteronism and right mastectomy for treatment of breast cancer. She was incidentally detected with an abdominal mass with no abdominal symptoms during a follow-up computed tomography (CT) scan for primary hyperaldosteronism by her previous doctor. She chose to undergo surgery in our hospital where she had undergone right mastectomy and was referred to us. On physical examination, an egg-sized, elastic, soft mass with good mobility was palpable. Blood examination showed no anemia or elevation of tumor markers (Table 1) . Abdominal contrast-enhanced CT revealed a sharp border and homogeneous mass, indicating GIST of the mesentery (Fig. 1 ). Although the patient experienced no abdominal pain, we planned surgical resection of the GIST because the tumor was over 5 cm in diameter. Following previous right mastectomy, the patient had undergone transverse rectus abdominis myocutaneous (TRAM) flap reconstruction, in which her TRAM flap was replaced with an abdominal mesh. Therefore, we avoided midline abdominal inci-sions. We began the surgery by inserting a camera port (Kii Balloon Blunt Tip System 12 × 100 mm) into the umbilicus via an open method, as the abdominal mesh was not located around the umbilical area. After the edge of the mesh was detected with a laparoscope ( Fig. 2a ), we inserted two 5-mm ports (Kii Access System 5 mm) into the left and right upper quadrants, and two 12-mm ports (Kii Access System 12 mm) into the left and right lower quadrants, under a pneumoperitoneum of 10 mmHg, with a view of the laparoscopic image. Subsequently, laparotomy revealed the tumor in the transverse colon; thus, a transverse colectomy with minimal resection was planned ( Fig. 2b) .
After incision of the peritoneum at the base of the mesentery of the small intestine near the second portion of the duodenum, which spanned from the cranial-medial side to the caudal-lateral side, dissection between the right fusion fascia of Toldt and deep subperitoneal fascia was performed. During this lateral-to-medialretroperitoneal dissection, the right colon was dissected freely. Adhesions of the tumor and transverse mesocolon near the superior mesenteric artery were dissected carefully, to avoid injury to marginal artery of the colon and subsequently ischemia of the transverse colon and extensive resection. Owing to the absence of lymphadenopathy, lymphadenectomy was not performed. The transverse colon was cut on the oral and anal sides of the tumor with clear margins using a linear stapler (Endo GIA TM Tristapler Purple 60 mm (Covidien)). Thereafter, the hepatic flexure of the transverse colon was moved to the left side so that it overlapped the anal side of the transverse colon, and these were fixed with stay sutures. Thereafter, a small enterotomy was made on the antimesenteric sides of these portions of the colon, and a linear stapler was inserted through the enterotomy site so that a side-to-side anastomosis could be performed (Fig. 2c ). The enterotomy site was then closed roughly with three intraabdominal sutures, and using the elevation of the sutures as a guide, the site was closed completely using the linear stapler ( Fig. 2d ). Thus, intraabdominal anastomosis was completed. The resected specimen was retrieved through a small transverse incision made through the 12-mm port wound on the left lower region of the abdomen. The total operative time was 3 h and 32 min, and the total intraoperative blood loss was 5 mL.
The resected specimen showed a tumor measuring 55 × 35 × 30 mm with smooth margins on the serosal side ( Fig. 3a ). Histological section of the tumor revealed a nodular lesion composed of interlacing spindle cells in the proper muscle layer. The cellularity of the tumor tissue was low, and no necrosis and nuclear pleomorphisms were observed. Upon immunostaining, the tumor was positive for smooth muscle actin and negative for DOG1, CD34, desmin, CD56, CD117(c-kit), and synaptophysin (Fig. 3b) . The Ki-67 index was 1%, and less than one mitotic figure was observed per 50 high-power fields. Therefore, the tumor was diagnosed as a leiomyoma without malignancy. The patient did not experience postoperative leakage, mesh infection, metastasis, or recurrence on follow-up 6 months after surgery.
Discussion
In our report, we present the case of a patient with an abdominal mesh who underwent total laparoscopic colectomy for treatment of leiomyoma of the transverse colon while preventing damage to the mesh. Leiomyomas of the colon are relatively rare, accounting for 3% of all gastrointestinal leiomyomas [2] . Colorectal leiomyomas are distally located; leiomyomas of the transverse colon are rare and account for 2.7% of all colorectal leiomyomas [2] . Leiomyomas are mostly asymptomatic; however, abdominal pain is the most frequent symptom, followed by a palpable mass or gastrointestinal bleeding [2] . Calcification and varying degrees of necrosis or cystic changes in both benign and malignant lesions can be seen in a CT scan [7] .
Leiomyomas originate from the muscularis mucosae and are less than 2 cm and are treated successfully with endoscopic resection. However, when lesions are larger than 5 cm, surgical resection is required because of the malignant potential [3] . In our case, since the preoperative diagnosis was mesenteric GIST, 1-to 2-cm resection margins and measures to avoid injury to the tumor capsule were considered. Similarly, low-grade malignant leiomyomas may be excised with a 1-cm margin of the normal tissue, and resection margins are not associated with recurrence [4, 8] . Lymphadenectomy is not recommended, owing to a low risk of lymph node metastasis.
Laparoscopic surgery for GISTs and intraabdominal anastomosis for colon cancers have been reported. However, our patient's abdominal mesh limited the laparotomy site. Therefore, we planned partial transverse colectomy with intraabdominal anastomosis, which allowed for various options regarding where the resected specimen could be taken from, and to our knowledge, this is the first report of total laparoscopic colectomy for treatment of a patient with colonic leiomyoma. For patients with right colon cancer, total laparoscopic colectomy can be described in 3 intraabdominal steps, including exposure of the vascular pedicle of the ileocolic and right colic trunk followed by complete mobilization of the right colon and resection of the colon and side-to-side mechanical anastomosis using a linear stapler [9] .
The first step was not required for leiomyoma and GISTs, because lymphadenectomy was not indicated. During the second step, dissection between the right fusion fascia of Toldt and the deep subperitoneal fascia was easy to perform along the mesenteric root because this region is rich in fat and connective tissue, making it easy to maintain the ventral side of the deep subperitoneal fascia [10] . Complete mobilization of the right colon enables easy partial portion of any part of this colon. After resection of the colon, antimesenteric enterotomy was performed 10 cm distal to the stapled ends of the colon. We closed our enterotomy site with stay sutures and linear stapler because the elevation of the stay sutures allowed the anterior bowel wall to be separated from the posterior bowel wall, thereby reducing the risk of inadvertent strictures, and the linear staplers enables shorter operative time [9, 11] . Furthermore, although the resected specimens are reported to be extracted through Pfannenstiel incisions, which provide less adhe- sion, fewer incisional hernias, and better cosmesis, we opted for a small transverse incision of the left lower region of the abdomen to avoid mesh infection [9] .
When compared to laparoscopic-assisted right hemicolectomy (an intervention performed with extra-abdominal anastomosis) for treating colon cancer, total laparoscopic right hemicolectomy (an intervention performed with intraabdominal anastomosis) has resulted in similar complication rates, shorter mini laparotomy procedures, and less pain [9] . Total laparoscopic colectomy for leiomyomas and GISTs of the right colon seem to be useful because the length of the minilaparotomy can be minimal depending on the size of the tumor. Moreover, there was no statistical difference between obese and thin patients in terms of the success rate of total laparoscopic colectomy. Additionally, natural orifice specimen extraction (NOSE) has recently been reported to induce lessser pain and provide shorter hospital stay than laparoscopic-assisted right hemicolectomy, and this method may have been suitable for our patient [12] . Favorable patients for NOSE in colorectal surgery are reported to be those with a body mass index of <30, American Society of Anesthesiologists class of ≤3, and a specimen diameter of <6.5 cm; thus, our patient satisfied these conditions [13] .
Leiomyomas are positive for SMA, desmin, and muscle-specific actin and negative for CD117 (c-kit), CD34, and S100 protein [3, 5] . The presence of CD117 is the most specific diagnostic criterion for discriminating GISTs from leiomyomas [2] . However, distinction between benign leiomyomas and malignant leiomyosarcomas is difficult and is mainly based on the presence of necrosis, nuclear pleomorphisms, cellularity, tumor size, and number of mitotic figures [2, 7] .
Although there are some reports of no recurrence in colorectal leiomyoma, a recurrence rate of 2.9% for smooth muscle tumors has been reported, and all the tumors were larger than 4 cm in diameter [8] . Histologically, gastrointestinal leiomyomas that have more than two mitoses per 50 high-power fields may have malignancy potential [8] . Careful follow-up is required for cases with large tumors.
Mesh reinforcement, when repairing the abdominal donor site during a TRAM flap breast reconstruction, leads to lower abdominal hernia/bulge complication rates compared with primary closure [14] . Similarly, the 10-year cumulative recurrence rate with mesh repair for incisional hernia is reported to be lower than that of suture repair (32% versus 63%), and retrofascial preperitoneal mesh repair is superior to suture repair with regard to recurrence, even in patients with small defects [15] . Therefore, the number of patients with abdominal meshes is expected to increase. Incisional hernias occur in 2%-20% of all patients after abdominal surgery, and patients who underwent laparoscopic ventral hernia repair are reported to have 17%-25% incidence rates of requiring a subsequent abdominal operation [14, 16] . The risk factors of mesh infection in ventral incisional hernia repair include prior surgical site infection (SSI) and enterotomy [17] . SSI at a subsequent laparotomy site related to intra-and preperitoneal mesh repair occurs in 16.7% of all patients, of which 9.1% require mesh removal [14] . Thus, risk factors of SSI should be avoided especially in the mesh area. SSI occurs more frequently with open colectomy than with laparoscopic colectomy [18] . In this case, a colectomy via a mini laparotomy on the mesh area could have been a risk factor for mesh infection. Furthermore, incomplete closure of the peritoneum and damage to the preperitoneal space during inguinal hernia mesh repair caused the mesh to come in contact with the intestinal tract leading to an enterocutaneous fistula [19] . Therefore, damage to the mesh during laparotomy should be avoided.
Conclusion
We could perform the minimal range of colectomy and intraabdominal anastomosis safely, even with the rare case of leiomyoma of the transverse colon. For patients with an abdominal mesh, the current surgical procedures should be improved; total laparoscopic surgery is one of the more useful options. Methods for avoiding mesh damage during mesh repair, such as the method in this report and NOSE, will be required in the future as patients with abdominal meshes increase.
Patient perspective
The patient was concerned about whether surgery would cause mesh infection and consequently, require reoperation to remove the mesh. Therefore, she consented to this laparoscopic method for avoiding mesh damage that would reduce the risk of mesh infection. The surgery was performed without postoperative SSI, mesh infection, or anatomic leakage. The patient was informed about the regular medical follow-up.
